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Downloaded from www.physiology.org/journal/jappl by ${individualUser.givenNames} ${individualUser.surname} (144.173.134.023) on January 17, 2019. return mechanical energy via elastic stretch and recoil (22), whilst also passively increasing 67 foot stiffness to facilitate forward propulsion, via the windlass mechanism (14) . The spring-68 like function of the foot is considered a vital element in economical human locomotion,
69
providing a means to recycle mechanical energy, without the added metabolic cost of 70 activating muscles (22) . However, the model of the foot as a passive structure, does not independently of the magnitude of plantar aponeurosis strain (16, 18, 29) . This suggests that 79 structures other than the ligamentous tissues of the foot may also be contributing to the 80 energetic function of the foot, and importantly, the foot spring may not be an entirely passive 81 mechanism.
82
The plantar intrinsic foot muscles are a group of muscles located within the longitudinal arch Here we explored whether the foot-spring mechanism is actively modulated by the central 104 nervous system (CNS), via the function of the intrinsic foot muscles. Specifically we tested 105 the hypothesis that FDB muscle would produce force in a quasi-isometric manner, facilitating 106 storage and return of elastic energy within the tendinous tissue during compression and recoil 107 of the foot's arch, providing additional scope for recycling of energy within the foot.
108
Methods
109
Participants
110
Ten healthy participants (one female and nine males, age 27 ± 7 years; height: 179 ± 7 cm; 111 mass: 76 ± 10 kg) with no diagnosed history of lower limb injury in the previous six months 
159
Muscle activation measurements Healthcare Group) was secured to the skin overlying the medial malleolus.
168
Ultrasound measurements
169
Muscle fascicle length for the FDB in the loaded foot was measured using B-mode ultrasound 170 imaging. A 128-element linear array ultrasound transducer (SonixTouch, Ultrasonix, BC,
171
Canada) was placed under the foot such that it imaged the muscle tissue of the FDB at an 172 orientation where the fascicles of the mid-belly could be visualised throughout the muscle.
173
The transducer was bandaged securely to the foot to hold it in place during the loading cycles
174
( Figure 1 ). Ultrasound images were sampled at 26 Hz.
175
Data Analysis
176
Kinetic, kinematic and EMG data files were exported to Visual3D (C-motion Inc., occurring across all loading cycles for each loading condition.
199
Net joint moments generated about the mid-foot during each loading cycle were calculated by 
Muscle-tendon unit length
213
The length of the FDB MTU was calculated based on multi-segment foot motion, using a 214 previously described geometric model (20 
Results
258
During each foot compression cycle, vertical GRF increased (peak GRF 0.7 ± 0.1 BW at 
271
Foot Mechanics
272
The LA compressed as force was applied to the leg by the actuator (loading phase) and 273 subsequently recoiled as the force was removed (unloading phase), in a similar manner to that conditions.
323
Discussion
324
This study provides novel evidence for active contributions to the foot-spring mechanism.
325
Compared to the overall length changes observed in the FDB MTU, the muscle fascicles can be stored within a structure with such marked stiffness.
347
The FDB muscle has relatively short fibres and therefore the contractile element of the MTU function during locomotion. Although, it must be highlighted that any length change and the 376 associated lengthening (or shortening) velocity in the FDB fascicles is very small (see Figure   377 4) compared to that of the entire MTU. Therefore, the magnitude of energy that can be 378 dissipated or generated by the contractile element of these muscles may be limited. 
